Abstract. In the last few years, bent crystal X-ray mirrors have played an important role in time-resolved X-ray diffraction experiments when X-ray pulses from femtosecond laserproduced plasmas were used [1] [2] [3] [4] . Improvements in manufacturing techniques have significantly increased the quality of this type of mirror.
Introduction
Femtosecond laser-produced plasmas represent simple, table-top sources of multi-keV X-ray pulses with subpicosecond duration. By focusing an intense femtosecond laser pulse onto the surface of a solid or a liquid, a microplasma is formed which emits incoherent X-rays into a large solid angle. The radiation spectrum contains mainly characteristic line emission (i.e. K α ) at wavelengths determined by the target material. To obtain an X-ray flux high enough to carry out diffraction experiments, efficient collection and focusing of the emitted radiation is required. This can be accomplished, for example, with the help of toroidally bent crystals which allow a monochromatic point-to-point imaging of the plasma source. This report discusses the development and the performance of two different kinds of germanium X-ray mirrors for Ti-K α (4.51 keV) and Cu-K α (8.05 keV) radiation.
Experimental
The experiments were carried out with laser pulses from a terawatt CPA (chirped pulse amplification) titanium sapphire laser (λ = 800 nm). The laser system produces pulses of 120 fs duration with pulse energies of up to 150 mJ at a repetition rate of 10 Hz. Using a lens with 20 cm focal length the laser beam is focused onto a moving wire. A microplasma is generated and a burst of incoherent X-rays is emitted into the full solid angle with line emission at 4.51 keV for titanium K α (λ Ti-K α = 0.275 nm), and 8.05 keV for copper K α (λ Cu-K α = 0.154 nm).
To detect these characteristic X-rays, we used detectors adapted to the specific photon energy: for the Ti-K α emission a back-illuminated CCD camera, and for Cu-K α emission a phosphor based intensified CCD camera.
Focusing of multi-keV X-rays
If one wishes to use such an incoherent, point-like X-ray source for experiments, a X-ray mirror with high reflectivity and a large acceptance angle for the efficient collection and focusing of X-ray photons is required. Bent crystals are excellent candidates as they allow one to make use of the strong Bragg reflection of X-rays from the lattice planes of crystals [5] .
Bent crystals are prepared in the following way: a slab of high purity, single-crystal germanium is grown and oriented to better than 0.1° and then polished flat. Using standard grinding and polishing techniques, the crystal is thinned to less than 100 µm in thickness. Before attaching the crystal to the toroidal substrate, the orientation is checked, and a X-ray reflection topography is used to verify that the crystal planes are uniformly oriented. The thin germanium crystal platelet is then bonded onto a toroidally shaped glass substrate. The wave front distortions are optically checked using 632 nm radiation from a HeNe laser. For the Ti-K α and the Cu-K α point source we use a Ge (400) and a Ge (444) toroidally bent crystal, respectively. The horizontal and the vertical radius of curvature of the toroidal mirror must satisfy R V /R H = sin²(Θ B ), where Θ B is the Bragg angle (see figure 1) . Using a Rowland circle geometry, one-to-one imaging of the point source is obtained. Both for Ti-K α and Cu-K α two different mirrors were available. The measured results of the four mirrors are given in Table 1 . The measured focus size represents a convolution of the imaging properties of the optics and the source size. However, a 100 µm focal size is small enough to carry out experiments.
Conclusion
We have checked the surface quality and focus of four toroidal mirrors manufactured by INRAD for Ti-K α or Cu-K α wavelength. The investigated mirrors have excellent surface quality allowing the Xrays to be diffracted homogeneously over the entire surface and focused into a spot of less than 100 µm diameter (FWHM).
